The association between obesity in adults and excess morbidity and mortality is well established, but the impact of being obese in early adulthood on health throughout adult life needs elucidation. We investigated the all-cause mortality until 80 years of age in men starting adult life as obese. , and, as controls, a random 1% sample of the remaining population were identified. A total of 1862 obese, corresponding to all men above the 99.5 percentile in this population, and 3476 controls were included, at a median age of 19 years (range: 18-25 years of age). They were followed until 2007 and Cox regression models were used to estimate the mortality in the obese relative to the controls. In addition, two reference groups were used: normal weight men (BMI: 18.5-24.9 kg m À2 ) and the men with the lowest mortality in this cohort (BMI: 22.0-24.9 kg m À2 ). Results: During the 65 years of follow-up, 1191 men died. At all ages from 18 to 80 years, the mortality in the obese was twice that of the controls (hazard ratio (HR): 2.10; 95% confidence interval (CI): 1.84-2.39). The median survival proportion (0.5) was reached about 8 years earlier in the obese than in either of the reference groups. Relative to the normal weight and men with the lowest mortality HRs of 2.14 (95% CI: 1.86-2.45) and 2.38 (95% CI: 2.00-2.85), respectively, were estimated for the obese. Neither year of birth nor education significantly influenced the excess mortality. Conclusion: Men entering adult life as obese experience a lifelong doubling of mortality, a finding that strongly supports the continued need to avoid beginning adult life as obese.
Introduction
The prevalence of obesity has been increasing worldwide and in all age groups for some decades. 1 However, the impact of the epidemic on children and adolescents seems greater than in adults, reflected by relatively higher increase in overweight and obesity in the younger age groups. 1, 2 The effect of obesity on mortality has been investigated thoroughly for decades. A recent report by the Prospective Studies Collaboration, with data from 900 000 participants and 57 prospective studies, found that obesity is associated with a nearly twofold increased all-cause mortality in both sexes and in all ages from 35 to 89 years compared with people of normal weight. 3 Similar results have been found in another recent report with data from 19 prospective studies. 4 A common characteristic of these previous cohort studies is that the effect of obesity is investigated in predominantly middle-aged populations, which do not allow a distinction between recent or early development of obesity. Large-scale studies of the association between obesity in early adulthood and mortality has been conducted, [5] [6] [7] [8] but the lifelong effect of starting adult life as obese is poorly elucidated. In view of the still progressing epidemic of childhood obesity throughout the world, 2 and the positive association between childhood obesity and obesity in young adulthood, it is important to get solid estimates of the lifelong health impact of this condition. The aim of this study is to examine the association between obesity present in early adulthood and morbidity, including fatal morbidity, and all-cause mortality throughout adult life in men. Here, we report the results of the study of all-cause mortality.
Population and methods

Study participants
The present analyses are based on studies, initiated in the early 1970s, [9] [10] [11] of obesity in a population of Danish young men examined at the draft boards since weighing was introduced in the examination. This started in 1943 in District 1, the greater Copenhagen area, and in 1964 in District 2, the remainder of the Eastern part of Denmark. The young men were enforced by law to appear before the board at age 18 or shortly thereafter. The only exemption was severe medical disabilities (5% of the study population), so obesity was not a condition allowing exemption.
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Another 2% did not appear as they volunteered for service before the age of 18. Our study population comprised the 362 200 Danish men examined at the boards in District 1 from 1943 to 1977 and in District 2 from 1964 to 1977. Among these, all obese men (n ¼ 1930) and a 1% random sample (n ¼ 3601) of the remainder of the underlying population were manually identified in the archived paper files during the 1970s. Obesity was defined as 35% overweight relative to a Scandinavian standard in use at the time of sampling. This threshold later proved to correspond to a body mass index (BMI)X31.0 kg m À2 , which is above the 99.5th percentile of BMI in this population ( Figure 1 ). The random sample, which serves as a control cohort, does not include the extremely overweight men already included in the obese group. Thus, a study population was sampled, which represented the underlying BMI distribution of the population through the control cohort, and where the right end of the distribution was 100-fold enriched relative to the controls. This design allowed us to investigate the mortality in the obese group in detail, and compare it to the mortality in the population from which they were sampled.
BMI
The medical personnel at the Danish military service measured the men's height without shoes and weight with only underwear. BMI was computed as weight in kilograms divided by square of height in meters.
Covariates A priori, draft board district, year of birth and educational attainment at draft board examination were identified as potential confounders. Draft board district is associated with obesity prevalence, 9 and may also be associated with mortality, because of both regional variation in mortality and the different sampling periods in the two districts. 11 Year of birth is a potential confounder because of decline in general mortality and the rise in obesity prevalence in more recent time. 10 Education is associated with both obesity 12 and mortality. 13 Information on educational attainment was recorded at the draft board examinations from 1956 onwards, therefore this information was missing in the 973 men examined before this year. Education was grouped into four categories according to years of schooling (see Table 1 ), which has shown to be predictive of social position later in adult life. ) (see ref. 1) as well as a reference group consisting of the men with the lowest mortality in this population. Moreover, the sampling design allows data to be analyzed as cohort data with two nested sub-cohorts based on the different sampling fraction across the range of BMI at draft board examination. 16 Thus, we investigated the BMI-mortality association throughout the broad range of BMI as well. All analyses were repeated in the sub-cohorts with data on education.
Statistical methods
Data were analysed with Stata (version 9.2, Stata Corporation, College Station, TX, USA). The observation time for each participant was the period from draft board examination (between 1943 and 1977) until the date of death (n ¼ 1191), emigration (n ¼ 194), loss to follow-up (n ¼ 5), or 31 October 2007, whichever came first. An individual was classified as lost to follow-up, if he had disappeared from the Civil Registration Registry for unknown reason. Cox proportional hazard regression was used to estimate hazard ratios (HRs) of mortality. Age was used as the underlying time axis with delayed entry to ensure that the estimation procedures were on the basis of comparisons of individuals of the same age. To take into account the putative confounding by draft board district, we used stratified estimation allowing the baseline hazards to differ by district and sampling period; the stratification variable had four classes defined as District 1 with the examination periods split into 1943-1953, 1954-1963 and 1964-1977 , and District 2 with the examination period 1964-1977.
To investigate whether the hazard of mortality changed across age, we plotted the cumulative hazard at corresponding ages for the obese group versus the control cohort (or the additional reference groups), a so-called double Nelson-Aalen plot. In this plot, the slope of the curve is equal to the HR at a given age. The Kaplan-Meier method was used for calculating survival curves. A smoothing spline was used to explore the BMI-mortality association without a priori assumptions about the shape. 17 A smoothing parameter of 5 degrees of freedom was chosen, which represents the amount of smoothing in terms of effective degrees of freedom for the spline. Year of birth was modelled as a continuous variable, after testing that the assumption of linearity to the log of the hazard function was fulfilled using restricted cubic splines. Education was modelled as a categorical variable as described above. Statistical interaction between the obese and the reference groups, and year of birth and education, respectively, was assessed by deviance tests based on comparisons of À2 log likelihood in nested models with and without cross-product terms.
Results
Out of the 5338 young men, 1191 died during follow-up covering the age span from 18 to 80 years of age, with a mean follow-up of 37 years. Table 1 shows the characteristics for the obese and control cohorts. The majority of the men in the control cohort had a BMI within the normal range (18.5-24.9 kg m 2 ). The median year of birth was 5 years later for the obese than the controls, because of the increase in obesity prevalence in more recent time. 10 Also, a larger percentage of the obese had a low level of education compared with the controls. Finally, the numbers at risk at different ages throughout adult life is also illustrated in Table 1 . Figure 2 illustrates the HR between the obese and control cohorts at equivalent ages. A curve concordant with the line of equality would show a constant HR of 1.00. The solid line illustrates the constant excess mortality in the obese cohort, based on the HRs calculated from Cox regression model without consideration of the covariates, and it verifies that the requirement of proportional hazards was fulfilled throughout the follow-up period. When adjusted for year of birth a HR of mortality of 2.10 (95% confidence interval (CI): 1.84-2.39, Po10
À4
) was observed in the obese group relative to the control cohort. The analysis was repeated in the sub-cohorts with data on education, but adjusting for education only attenuated the association marginally.
The entire BMI range was investigated using a smoothing spline, which showed a curvilinear, J-shaped relation, with increasing mortality at both the lower and upper end of the BMI range (Figure 3) . By visual inspection of the smoothing function the nadir of the curve was identified, with the lowest mortality in those with a BMI between 22.0 and 24.9 kg m
À2
. The HR of death was 1.09 (95% CI: 1.07-1.12) per the increase of one BMI unit equal to or above 25.0 kg m À2 when adjusted for year of birth.
Analyses using different reference groups Cumulative hazard plots similar to Figure 2 were obtained for the obese plotted against the group of normal weight men and for the obese plotted against the group of men Obesity in young adulthood and mortality E Zimmermann et al with the lowest mortality risk and showed no signs of non-proportionality (not shown). The obese had a HR of mortality of 2.14 (95% CI: 1.86-2.45) compared with the normal weight reference group when year of birth was taken into account, and a HR of 2.38 (95% CI: 2.00-2.85) when compared with the group of men with the lowest mortality.
The proportions surviving from age 18 to 80 years are described by the Kaplan-Meier plot in Figure 4 . The figure illustrates that the obese were followed until 80 years of age, whereas the reference groups were followed until 90 years of age. Thus, we were able to estimate the difference in mortality between the obese and the reference groups until 80 years of age. The figure shows the shorter life expectation in the obese group compared with both the control cohort and those with the lowest mortality in this population. At age 70 years, about 70% in either of the reference groups versus only about 50% of the obese were expected to be alive. The plot also shows that the median survival proportion (0.5) was reached about 8 years earlier in the obese than in either of the reference groups. The plot for the group of normal weight men was almost identical to the plot for the control cohort, and thus not shown.
Interaction analyses
There were no interactions between obesity status (obese versus reference group) and year of birth (P40.27 for all three reference groups). We found a stepwise decline in mortality with increasing educational attainment in both the obese and the different reference groups (P for trend ¼ 0.001 in the obese; P for trendo0.001 in the control cohort and the group of normal weight, respectively; P for trend ¼ 0.11 if the reference group with the lowest mortality). Further, the association between obesity status and mortality was investigated in strata of the educational categories as presented in Table 2 , and no interactions were observed.
Discussion
The present study show that obesity in young adulthood is associated with a doubling in mortality from ages 18 to 80 compared with the expected mortality estimated from the Obesity in young adulthood and mortality E Zimmermann et al control cohort, which represents the underlying population. This led to a difference in estimated proportions surviving through 70 years of age, where about 50% of the obese were expected to be alive compared with 70% controls. Equal survival proportions, that is, for example the survival of 50%, were reached 8 years earlier in the obese than in the controls, a difference which is comparable with the detrimental effect on mortality seen in smokers. 18 When the mortality in the obese was compared with either the group of normal weight men, or with the group with the lowest mortality (BMI between 22.0-24.9 kg m À2 ), the risk estimates increased slightly.
With the obese cohort representing the most obese of all young menFabove the 99.5th percentile among 362 200 menFour study design provides great advantages for the analysis of this group. Conventional cohort studies usually lack sufficient numbers of obese individuals to get solid estimates of the impact of this condition. Another strength of the present study was the very long follow-up, which allows detection of associations occurring late in life. Further, in the time period investigated, examination for suitability for military service was mandatory leaving no suspicion of selection bias. The objective measures of height and weight diminishes the potential bias due to misreporting. 19 Since 1943, the year from which the earliest data were available, the prevalence of obesity has increased about 50-fold in Denmark, 10, 20 and similar trends have been observed in most parts of the Western world. 1 As the prevalence of obesity increases, the public health concerns have also increased. A recent large-scale study of Swedish male draftees followed through to middle age found that the obese had more than twice the mortality compared with a normal weight reference group. 6 Likewise, a Norwegian study of male and female adolescents between 14 and 19 years of age followed through 32 years, reported a 80-100% excess mortality in those with BMI above the 95th percentile relative to the 25-74th percentile. 5 We found similar effect sizes in the present study, and the excess mortality was constant at all ages from 18 to 80 years. Moreover, the association was not influenced by year of birth or education. The World Health Organization recommends an optimum BMI ranging from 18.5 to 24.9 kg m À2 in regard to morbidity and mortality. 1 However, this classification has been debated as Flegal et al. 21 found a decreased mortality in the overweight (relative to the normal weight category), while obesity was associated with increased mortality in the NHANES surveys I-III, which are representative of the U.S. population. When investigating the BMI-mortality relation throughout the very broad range of BMI, we observed an optimum BMI in relation to mortality of 22.0-24.9 kg m
À2
. Both the before mentioned Swedish study on male draftees and an American study on women (using recalled BMI at age 18) found that the minimum risk of death was observed for participants with BMI between 18.5-21.9 kg m
, with an increasing mortality seen already in the upper range of normal weight (BMI 22.0-24.9) (see refs. 6, 22) . Whether these small differences in optimum BMI are true differences or ascribed to the different study populations is, however, difficult to determine. Nevertheless, the current study as well as the previous studies of young adults, all indicate that mortality increases in individuals with BMI above 25 or 26 kg m À2 , respectively. 6, [22] [23] [24] [25] The lack of association between overweight and mortality may therefore particularly be a phenomenon observed in older age groups, as suggested by other studies, 26, 27 while overweight young adults seems to be a serious health issue with harmful effects throughout life.
Smoking is a potential confounder and modifier of the mortality risk, as smoking is associated with lower BMI and is strongly associated with cardiovascular diseases that are likely to be increased among those who are overweight and obese. 3, 28, 29 The above-mentioned Swedish study of draftees found no significant interactions between smoking status and overweight or obesity in relation to mortality and also no evidence of confounding by smoking. 6 Hence, using these results from a neighbouring population as basis, we consider our results as valid even though we did not have access to information about smoking among the young men examined at the draft board examination. On the basis of previous studies, it might be expected that the effect of obesity on subsequent mortality would Obesity in young adulthood and mortality E Zimmermann et al decline with age, because those most susceptible to the detrimental effects of obesity would have died prematurely. 30 Stevens et al. 31 found that the relative risk associated with greater body weight was highest in the younger groups. A recent review of 13 studies concluded that age modifies the relation between obesity and mortality, resulting in a lower relative risk of mortality associated with obesity among individuals aged 65 years or older compared with young and middle-aged populations. 31, 32 It is, however, possible that the health risk of obesity established early in life may be underestimated in cohort studies recruiting individuals later in life. These studies may not include those who have been obese since young adulthood and who have developed serious chronic diseases, either because these individuals are deliberately excluded or because they decline participation. Moreover, cohorts starting later in life will include individuals who have developed obesity later in life, which implies that the observed mortality does not pertain to the group in focus here. Overall, there is a considerable risk that the mortality observed in cohorts started during adult life may not reveal the detrimental effects of obesity present since start of adult life. In this study, we found no decline with age in the impact of obesity present when entering adulthood on mortality.
It is difficult to determine whether the lifelong excess mortality associated with obesity in early adulthood is due to obesity in this young age, or whether it is due to obesity tracking into adulthood. A study on a sub-cohort of the earlier mentioned Norwegian adolescents who also had adult BMI measurements, found that the association between adolescent obesity and mortality was explained by adult BMI in men, whereas the effect was not entirely explained by adult BMI in women. 33 An American study of 13-18-year olds of both sexes found an increased mortality in the overweight adolescents, which was independent of BMI at 55 years of age. 34 Another American study on female nurses found that the association between recalled BMI at age 18 and mortality was only partly explained by adult BMI. 22 Either way, the present study demonstrates that obesity in early adulthood obviously has a key role in relation to adult mortality. Next, we need to analyse the patterns of morbidities, including the morbidity apparently causing death, to gain more knowledge about the mechanisms through which obesity works, and whether they differ with age.
In conclusion, we found that young men who enter adulthood as obese have more than twice the risk of mortality compared with the mortality observed in the underlying population. The association did not decline with age or alongside the increasing obesity epidemic, nor was it influenced by education. Our results support the continued need to prevent development of obesity before entrance to adulthood.
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